Introduction
This laboratory has been studying the chemical properties of air pollutant mixtures to understand their relationship to the adverse health effects associated with air pollution. The chemical properties of particular interest are the capacity to generate reactive oxygen species, or prooxidant activity, and the capacity to form covalent bonds with functional groups on biological macromolecules, or electrophilic activity. Numerous studies have attributed several adverse health effects related to air pollution to the induction of oxidative stress (Baeza-Squiban et al., 1999; Donaldson et al., 2001; Li et al., 2002; Nel et al., 2001) , a state in which the cell has a high proportion of oxidized species generated from an increase in reactive oxygen, typically mediated by prooxidants utilizing endogenous electron sources such as NADPH (nicotinamide adenine dinucleotide phosphate) and ascorbate. The second property, electrophilicity, whose relationship to air pollution toxicology has been far less studied, can cause irreversible inactivation of biological molecules, including those with regulatory functions (Jacobs and Marnett, 2010; Monks and Lau, 1992) . Cellular changes, mediated by these reactive species, trigger multiple signaling pathways leading to inflammation and other forms of cellular distress (Donaldson and Tran, 2002; Schafer and Buettner, 2001; Squadrito et al., 2001) . Inorganic and organic chemical species associated with ambient aerosols can participate in these reactions. For example, particulate transition metals such as iron and copper are capable of generating 270 reactive oxygen species by catalyzing the transfer of electrons from a reducing source such as ascorbate to oxygen (Di Stefano et al., 2009) and organic species such as quinones can transfer electrons from NADPH to oxygen to generate superoxide and other reactive oxygen species (Kumagai et al., 1998b (Kumagai et al., , 2002 . Quinones and quinone-like compounds exhibit both prooxidant and electrophilic activities, altering activity of regulatory proteins and enzymes by both actions (Kumagai et al., 1998a (Kumagai et al., , 2012 Shinyashiki et al., 2008) . Quinones are found in the particle and vapor phases of ambient air (Cho et al., 2004; Chung et al., 2006; Delgado-Saborit et al., 2013; Jakober et al., 2007; Valavanidis et al., 2006) and are generated in vivo following exposure to their parent polycyclic aromatic hydrocarbons (PAHs; e.g., Kumagai et al., 2012; Waidyanatha and Rappaport, 2008) .
This report describes results of an attempt to assess the role of railyards on toxicologically relevant reactivities of ambient air in neighboring communities by analysis of PM 2.5 (particulate matter with an aerodynamic diameter <2.5 μm) and their corresponding vapor-phase organics in samples from three communities in the Los Angeles Basin, Long Beach (LB), Commerce (CM), and San Bernardino (SB) (Figure 1 ). Collections took place during the months of NovemberDecember 2009 and July-August 2010, which are the cool and warm seasons in the basin, to provide a means of assessing seasonal differences. The assays measured prooxidant content with dithiothreitol (DTT)-and dihydroxybenzoate (DHBA)-based procedures and electrophile content with a glyceraldehyde-3-phosphate dehydrogenase (GAPDH)-based procedure.
Methods

Reagents
Chicken muscle glyceraldehyde-3-phosphate dehydrogenase (GAPDH), NAD + , ethylenediaminetetraacetic acid (EDTA), glyceraldehyde-3-phosphate, dithiothreitol (DTT), 5,5ʹ-dithiobis (2-nitrobenzoic acid) (DTNB), sodium salicylate, ascorbic acid, diethylenetriaminepentaacetic acid (DTPA), citric acid trisodium salt dihydrate, and monohydrate were purchased from SigmaAldrich (St. Louis, MO). Other reagents were of the highest grade available and purchased from Fisher Scientific (Pittsburgh, PA).
Sample collection
Medium-volume samplers (Tisch model 1202; Cleves, OH) were placed in the selected locations, and PM 2.5 and vapors were collected for 48 hr each week for a month during the summer and winter seasons for a total of eight samples at each site. Teflon-coated glass fiber filters (Pall Corp, East Hills, NY) were used for PM 2.5 collection and XAD-4 resin beds (Acros, Thermo Fisher Scientific; Houston, TX) for the vapor phase. Sampling details and matrix cleaning procedures have been previously published . Estimates of the volume equivalent were based on the total air volume collected divided by the area of the filter, to obtain volume of air (m 3 ) per square cm of filter. Then, for analysis of the PM on the filter, punches of known area were obtained and used in the extraction process.
Sample extraction
Aqueous suspensions of PM 2.5 samples were obtained by sonicating filter punches in deionized water for 20 min. As this process causes partial decomposition of the filters, it was not possible to measure the mass on the filter. Accordingly, the volume equivalent of air was used to describe the final concentration of the particles in the aqueous suspension, which was 2.2-6.0 m 3 /mL. XAD resin beds containing the trapped vapor-phase organic components (mostly volatile and semivolatile organic components) corresponding to each particle sample were extracted by sonication (30 min) with dichloromethane (DCM). The suspension was filtered through a 0.45-µm nylon filter (Millipore, Billerica, MA), volume reduced, and solvent evaporated into a known volume of dimethyl sulfoxide (DMSO), so the concentration for analysis could be expressed as m 3 per mL of DMSO. The final concentration of the organic extract was approximately 300 m 3 /mL of DMSO. Blanks were prepared as described previously and used as controls (EigurenFernandez et al., 2004) .
Chemical assays A summary of the assays used is given in Table 1. DTT assay. This assay measures the prooxidant content of the sample based on its ability to transfer electrons from DTT to oxygen (Cho et al., 2005; Kumagai et al., 2002) . In brief, the sample was incubated with DTT for varying times and quenched by addition of 5,5′-dithiobis(2-dinitro)benzoic acid (DTNB) and the remaining DTT measured by the absorption at 412 nm. Rates were calculated after averaging duplicate runs and were blank corrected. Since DTT can be oxidized by high concentrations of metal ions (Kachur et al., 1997; Netto and Stadtman, 1996) , the contribution of metals to the DTT-based DHBA assay. This assay assesses the ability of transition metals associated with the ambient particles to catalyze the Fenton reaction in which hydrogen peroxide is converted to hydroxyl radical (Di Stefano et al., 2009) . Briefly, aliquots of PM 2.5 water suspensions were incubated for varying times with ascorbic acid and salicylate and the rates of formation of dihydroxybenzoic acids (DHBAs) determined following reaction termination by the addition of metaphosphoric acid. DHBA formation by the samples was completely blocked by the metal chelator DTPA, which forms an unreactive complex with metals and blocks the reaction. The concentrations of 2,3-and 2,5-DHBA were determined by high-performance liquid chromatography (HPLC)-electrochemical detection. All samples were run in duplicate and blank corrected. The DHBA assay was performed only on the aqueous suspensions of filters, as the DCM extracts (representing the vapor-phase compounds) would be devoid of metals. Results are reported as nanomoles of dihydroxybenzoate formed per minute per m 3 of air sample.
GAPDH assay. This assay measures the content of electrophiles in the sample, based on their ability to inhibit or inactivate the thiolate enzyme glyceraldehyde-3-phosphate dehydrogenase (GAPDH), through covalent bonding. Inhibition of GAPDH by vapor and PM 2.5 samples was determined under anaerobic conditions according to the method described previously (Shinyashiki et al., 2008) . In brief, a mixture of 1 unit of rabbit GAPDH was incubated with aliquots of the organic extracts of vapors and particles or water suspension under argon gas at 25°C for 120 min. The reaction was quenched by adding an equal volume of cold DTT solution, and GAPDH activity, measured as the rate of nicotinamide adenine dinucleotide (NADH) formation, was monitored by its absorption at 340 nm. The ability to inactivate the enzyme is expressed as the equivalents of N-ethylmaleimide (NEM), the standard electrophile. Samples were run in triplicate and values reported as averages. Results are reported as NEM equivalents per m 3 .
Statistical analyses. Results from chemical assays are the average of four measurements,with the exception of one CM PM 2.5 sample (upwind) that was lost during a GAPDH assay and one vapor-phase (downwind) sample. The analysis of variance (ANOVA) and Tukey post hoc test and Pearson correlation analyses were performed with Graph Pad Prism 6 (Graph Pad Software, San Diego, CA). Each set had 15 comparisons, with asterisks showing the following P values: ****P < 0.0001 or ***P < 0.001; **P < 0.01; and *P < 0.05.
Results and Discussion
Collections and site descriptions
The railyard communities included CM, which is in the center of the basin, about 16 mi east of the Pacific Ocean and 56 mi west of SB, a community in the eastern end of the basin, and LB, which is 7 mi south of CM and adjacent to the Pacific Ocean (Figure 1 ). The railyards associated with the three communities are among the busiest in the country, operating 24 hr a day, 365 days a year, with each yard generating approximately the same levels of emissions (22-24 tons per year; Casteneda et al., 2008) . In an attempt to assess direct railyard contributions to the air sample, upwind and downwind sites from each railyard were selected on the basis of the prevailing wind pattern during the daytime hours, as we reasoned that the railyard emissions would be highest during this time. The prevailing wind pattern in the Los Angeles Basin is relatively consistent. Daytime winds in the Los Angeles Basin are northeasterly between 10 and 15 mph, and evening winds are southwesterly between 5 and 6 mph during evening hours (Air Quality Management District, 1993) .
The Los Angeles Basin does not exhibit major seasonal weather changes. Typically, the warm season, or summer, extends from July to October and the cool season, or winter, extends from November to June. With this in mind, collections were made in July (summer) and in November (winter). CM and LB have similar temperature variations, but SB temperatures tend to be more extreme, i.e., they are higher in the summer and lower in the winter. For example, the difference in temperature for the winter and summer months for CM and LB during this study were 13 and 15°F, respectively, whereas that for SB was 30°F. A quantitative assessment of the ability of the sample to form covalent bonds with GAPDH and other thiols. A 48-hr collection protocol was used in this study to generate sufficient sample quantities to allow chemical reactivity analyses and cellular assays. To assess the differences between the two sites for each community, one-way analysis of variance was performed on the PM 2.5 DTT assay data, followed by Tukey multiple comparison analysis. The results showed no significant differences between samples for the up-and downwind sites for any of the three communities. As a result, the data for the two sites were pooled to reflect the community.
The simultaneous collections of particles and vapors at the three communities chosen allowed quantitative comparisons of the potential for adverse health effects through the ability to generate reactive oxygen and formation of covalent bonds with reactive centers in cells by air samples. From that perspective, the results showed air masses from CM and LB to be similar in composition, likely reflecting a higher level of emission derived reactivities, with SB as a receptor area whose air mass had higher levels of reactive species capable of initiating adverse health effects.
Chemical properties of the air mass of the three communities Since prooxidants and electrophiles are reactive chemical species whose concentration could be altered by chemical reactions during the collection process, it is possible for these species to undergo reactions during collection and storage. Thus, the actual values reported here are net reactivities, i.e., the reactivities remaining in the filter and vapor samples following collection and storage at 4°C. The assumption made is that the values are proportional to the actual concentrations in the air sample and comparable because of consistent handling procedures.
Prooxidants. The DTT-based prooxidant content of aqueous suspensions of the PM phase and DMSO-based concentrates of dichloromethane extracts of the XAD resins were determined and are shown for each community in Figure 2 .
In contrast to previous diesel exhaust and ambient air studies (e.g., Li et al., 2003) , which used methanol extracts of PM 2.5 filters, we used aqueous suspensions. Methods that employ an organic extract concentrate the organic compounds in the PM, leaving the metals and other highly polar components in the particles, whereas the suspension will more realistically represent the PM and any components bound to it. The vapor-phase components analyzed are those substances trapped on XAD and subsequently extracted with DCM, a procedure that concentrates volatile or semivolatile organic compounds of low and moderate polarity.
Winter prooxidant values for PM 2.5 from CM and LB were significantly higher than those in the summer (Figure 2a) . This observation could reflect winter climate conditions, i.e., somewhat lower temperatures, wind speeds, and an inversion layer resulting in lower dilution and dispersion of pollutants, including prooxidants. The winter summer prooxidant differences for SB PM 2.5 were muted, and although the difference was not significant, the trend was toward higher summer than winter values. The prooxidant content of the corresponding vapor phases (Figure 2b ) were all much lower (note scale differences of y-axis in Figure 2 ) than the PM 2.5, with seasonal differences observed only for SB samples, which were markedly higher in the summer.
The contribution of metals to the prooxidant activities in the PM 2.5 phase was assessed in two ways, the effect of chelation on DTT activity (Figure 3a ) and the capacity of the sample to catalyze the Fenton reaction (Figure 3b) . The metal chelator, DTPA, at a concentration of 20 µM, reduced the DTT activity of the PM 2.5 phase by up to 90%, and although this effect could imply that essentially all of the activity is metal based, it could also reflect cooperative prooxidant actions between metals and organic species in a humic-like substance (HULIS) complex (Ghio et al., 1996) .
A more direct assay of metal-based reactions is the generation of dihydroxybenzoic acid (DHBA) by the sample in the presence of ascorbate, which is the result of metal catalysis of the so-called Fenton reaction (reaction 1):
The Fenton reaction generates hydroxyl radical by reduction of hydrogen peroxide and is catalyzed by transition metals (M ++ ; reaction 1), in the presence of an electron source such as ascorbic acid. The highly reactive hydroxyl radical will react with any hydrogen source and, in the assay, converts salicylate (SA) to a mixture of dihydroxy benzoic acids (DHBA), measurable by HPLC and electrochemical detection (Di Stefano et al., 2009) . Organic prooxidants such as quinones do not catalyze this reaction (Di Stefano et al., 2009 ). All of the PM 2.5 samples exhibited the capacity to catalyze the reaction to varying degrees (Figure 3b) , showing that PM 2.5 contained redox-active metals. A direct comparison between the DTT/DTPA activity and the DHBA hydroxyl radical reaction cannot be made because of the differing potencies of metals to catalyze the reactions. Copper ions catalyze the Fenton reaction at rates about 15 times faster than iron ions, so when both ions are present at comparable concentrations, the major contributor in the DHBA reaction is the copper ion. Likewise, copper should be a major contributor in the DTT reaction, but the potency differences would likely be closer to 20 (Charrier and Anastasio, 2012) . Based on results from a previous study (Di Stefano et al., 2009) , the values shown reflect copper ion content equivalent to 0.15-0.28 nmoles/m 3 . Taken together, both the DTT/DTPA and DHBA assays indicate that metals do contribute to the overall prooxidant content of the PM 2.5 fraction, as has been previously reported (Charrier and Anastasio, 2012; Verma et al., 2009 Verma et al., , 2012 . Since the vaporphase samples do not contain metals, they were not assayed by this procedure.
Electrophiles. Electrophiles represent another class of reactive chemical species capable of eliciting biological responses by forming covalent bonds with key functional groups in biological macromolecules (Itoh et al., 2004; Jacobs and Marnett, 2010; Lopachin and Decaprio, 2005) . We have assayed electrophiles in air samples by determining their ability to inactivate glyceraldehyde-3-phosphate dehydrogenase (GAPDH) through covalent bond formation with an active thiol group in the protein, and the results are shown in Figure 4 . Compounds capable of reacting in this assay include quinones and α,β-unsaturated carbonyl containing compounds as well as some metals such as zinc.
Particle-associated electrophile levels were found to be low at all sites and exhibited high variability, as shown by the wide standard deviations for each site (Figure 4a ). Vapor-phase extracts contained the majority (80-100%) of the electrophiles (Figure 4b ), which were particularly high in summer samples from San Bernardino. This difference could be attributed to atmospheric chemical and photochemical transformation processes that occurred during movement of the air mass from the central areas of the basin where the precursors were generated. Thus, the San Bernardino sites differ from the other two in terms both of seasonal differences and levels of summer vaporphase electrophiles. Prooxidant and electrophile distributions between phases. As noted above, the difference in distribution of prooxidants and electrophiles between the particle and vapor phases was quite marked, with particles containing 74-81% of the prooxidants (Figure 5a ) and the vapors containing 82-96% of the electrophiles (Figure 5b ). Figure 2 shows high contributions of metals to the prooxidant content of PM 2.5, which could explain their localization. The distribution of reactivities between vapor and particles for all samples were analyzed by one-way ANOVA and Tukey post hoc test for differences. The results showed significant differences only for the summer distribution of prooxidant content in the LB and SB samples, which were lower in the summer (Figure 5a ). This difference likely reflects contributions of semivolatile organic prooxidants such as quinones generated by photochemical reactions, which occur more extensively in summer months. In a previous study of summer (June/July) air samples collected in the central area of Los Angeles (Shinkai et al., 2013) , we found the reactive species content to be in the same range and distribution as those found in CM and LB.
Since the vapor-phase components are trapped by XAD resins and extracted with DCM, they are volatile or semivolatile organic compounds. The majority of these species contribute to the electrophilic properties of the air samples and exert biological effects by this mechanism. Electrophiles in these vapor samples collected in Riverside, California, another receptor community in the eastern end of the basin, formed covalent bonds with GAPDH at concentrations of 0.3 m 3 /mL, with an averaged molecular weight of 21-32 daltons for the binding species based on matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) data (Iwamoto et al., 2010) , supporting the notion that vaporphase electrophiles are low-molecular-weight compounds. Furthermore, under conditions that did not alter intracellular oxidation status, the samples stimulated macrophages and epithelial cells (Shinkai et al., 2013) to express proteins associated with adaptation and inflammation. Thus, from a toxicological perspective, these volatile electrophilic species are clearly important and should be examined concurrently with the particles to assess the overall health effects of the combined air sample. The notion of measuring volatile compounds has recently been raised in a review of the use of PM mass as a surrogate of air pollution (Hoare, 2014) .
The values for each community were subjected to Pearson correlation analysis and the correlation coefficients and corresponding P values determined. Our purpose was to assess the possible relationships between ambient air from the three communities by comparing values for each day's collection. A high correlation (P < 0.05) would suggest that the air contents have similar day-to-day changes.
Winter PM 2.5 correlation coefficients between prooxidant contents from CM and LB were high (Pearson coefficient = 0.814, P = 0.014), but the corresponding coefficients for SB (vs. CM, Pearson coefficient = −0.538; vs. LB, Pearson coefficient = −0.335) were much lower. The higher correlation of prooxidant contents for winter samples from CM and LB could reflect similar primary emissions, which differ from those of SB, whose air mass includes a mixture of primary and secondary emissions. The DTPA-sensitive prooxidants (Figure 3a) and Fenton reaction (Figure 3b ) summer prooxidants correlated with P values less than 0.05 for CM (0.71; P = 0.049) and LB (0.73; P = 0.038), suggesting that contributions to the overall prooxidant reactivity reflected similar proportions of reactive metals in the samples. The summer prooxidant content showed little correlation between communities, perhaps indicating greater and more variable atmospheric conditions between communities during the summer season.
In summary, the correlations between the communities observed are consistent with the hypothesis that the reactive components in PM 2.5 from CM and LB air samples exhibit characteristics that may reflect source emissions, in contrast to those from SB, a receptor site whose air mass may reflect photochemical or other atmospheric reactions.
Conclusion
The results from these studies allowed quantitative comparisons of ambient air samples in three communities in the Los Angeles Basin in terms of their potential for adverse health effects. The comparisons included levels of prooxidants and 275 electrophiles in both particulate and vapor phases, together with their seasonal differences. Both particulate and vapor samples contained the reactive species, with prooxidants concentrated in the particulate and electrophiles concentrated in the vapor phase. Levels of the two reactivities exhibited distinct seasonal differences, with PM 2.5 prooxidants significantly higher in the winter samples and electrophiles showing a higher level only in the summer sample from SB. The localization of reactive organic compounds in the vapor phase, most notably electrophiles, points out their importance in the biological actions of ambient air and the necessity to monitor this phase as well as particles in the potential health assessment of ambient air.
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